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10 The invention is directed to field em ssion devices. In particular the

i nvent i orwo2/08d16Bcted to the flat field em ssion em tterecatisor/zizag dir ect
tunneling and their use in electronic devices. 15 BACKGROUND OF THE

| NVENTI ON Several different field em ssfon devices have been proposed and
inplemented to create electron em ssions useful for displays or other

el ectroni c devices such as storage devices. Traditionally, vacuum devices
with therm onic em ssion such as. electron tubes 20 required the heating of
cat hode surfaces to create the electron em ssion. The electrons are drawn
in a vacuum space to an anode structure that is at a predeterm ned voltage
potential to attract the electrons. For a display device such as a cat hode
ray tube, the anode structure is coated with phosphors such that when an
el ectron i npinges on the phosphor, photons are generated to create a
visible imge. Cold cathode devices such as spindt tips 25 (pointed tips)
have bgen used to replace the hot cathode technol ogy. However, it has been
difficult to reduce the size and integrate several spindt tips while
maintaining reliability. As t HUNYEBING EMJTETER the spindt tip becones
nore susceptible to damage from contam nants in the vacuumthat are

ioni zed when an electron strikes it. The ionized contam nant is then
attracted to the spindt tip and collides with it, thereby causing 30
damage. To increase the life of the spindt tip, the vacuum space nust have
an increasingly, high vacuulRIEAD Ot THEENVENEEINNng a | arger emi ssion

sur f can be operated WO 02/ 089167 PCT/ US02/ 12257 2 reliably at |ower
vacuum requi rements. However, for some applications, the amount of current
density from conyench@Rals dirlatd BHidIHhssich dtceli BlpaSRUAIhd RivBgidhsel ul .
Thus a need exists to create a flat emtter that has high current density
that is aflisectebioghe Hablirdd améssion emitters utilizing direct tunneling and their use in

electronic devices.
15 BACKGROUND OF THE INVENTION

Several different field emission devices have been proposed and implemented to
create electron emissions useful for displays or other electronic devices such as storage
devices. Traditionally, vacuum devices with thermionic emission such as electron tubes

20  required the heating of cathode surfaces to create the electron emission. The electrons are
drawn in a vacuum space to an anode structure that is at a predetermined voltage potential
to attract the electrons. For a display device such as a cathode ray tube, the anode
structure is coated with phosphors such that when an electron impinges on the phosphor,
photons are generated to create a visible image. Cold cathode devices such as spindt tips

25  (pointed tips) have been used to replace the hot cathode technology. However, it has been
difficult to reduce the size and integrate several spindt tips while maintaining reliability.
As the size is reduced, the spindt tip becomes more susceptible to damage from
contaminants in the vacuum that are ionized when an electron strikes it. The ionized
contaminant is then attracted to the spindt tip and collides with it, thereby causing

30 damage. To increase the life of the spindt tip, the vacuum space must have an

increasingly high vacuum. A flat emitter having a larger emission surface can be operated



reliably in | ow vacuum environnents. 5 SUMWARY An emtter has an el ectron
supply layer and a tunneling |layer forned on the electron supply |ayer.
Opt i onal I'wp oansdinsul ator | ayer is formed on the el ectron apaisy2/izyer 10
and has openings defined within in which the tunneling layer is fornmed. A
cathode layer is forned on the tunneli‘ng |ayer to provide a surface for
energy em ssions of electrons and/or photons. Preferably, the emtter is
subj ected to an anneal i ng process thereby increasing the supply of

el ectrons_tunnel ed fromthe el ectron.supply.laver tq.the cathode  layer. 15
BRI £ DESEHE P RN VR DRAR MR oM BRYror SN aflichfns Ped@ihny o005 3
tunnel i ngc@fEnt H@sith Hoad fivehtidial FltemiBers isw@Migiodhoukh & bPudefulaThexenpl ary
illustration of the use of the tunneling emtter of Fig. 1 to create a

f ocused ehesstexists toszente Fflat engittesthghhas uziept density thehtsiabie able tappeiateegr at ed

circuit thal:.t i nc 0udgsC s&ver%l tthnne| ing emtters and an optical lens to
Create a ]éﬁlgB]Iy ’5’/ aevTEE™m I8 Ief"&l. Ais an exenpl ary bl ock di agram of an

integrated circuit that incorporates nultiple tunneling emtters and
control circuitry. Fig. 5is an exenplary illustration of a tunneling
emtter on an integrated circuit tSaMMARYides a | ens for focusing the
energy em ssions fromthe tunneling emtter. Fig. 6 is an exenplary display
that is created froman integrated circuit that 30 includes multiple

tunnel i ng eni t h@letiAicthad an dRHEN Sipplichikrant Aatnelieglfer Rimp@sses phot ons.
WO 02/ 089167 PCT/ US02/ 12257 3 Fig, 7 1s an exenplary storage device that

i ncor por atlestramsupplydgyait Eptionalbi pr inshiator layaeisfersscdwr the glestrom el lager
RE ERE A TN A T Y M
is formed on the tunneling layer to provide a surface for energy emissions of electrons
and/or photons. Preferably, the emitter is subjected to an annealing process thereby
increasing the supply of electrons tunneled from the electron supply layer to the cathode
layer.

15
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exemplary illustration of a tunneling emitter incorporating the
20  invention.
Fig. 2 is an exemplary illustration of the use of the tunneling emitter of Fig. 1 to
create a focused electron beam.
Fig. 3 is an exemplary illustration of an integrated circuit that includes several
tunneling emitters and an optical lens to create a display device.
25 Fig. 4 is an exemplary block diagram of an integrated circuit that incorporates
multiple tunneling emitters and control circuitry.
Fig. 5 is an exemplary illustration of a tunneling emitter on an integrated circuit
that includes a lens for focusing the energy emissions from the tunneling emitter.
Fig. 6 is an exemplary display that is created from an integrated circuit that

30  includes multiple tunneling emitters and an anode structure that creates or passes photons.



5 Fig. 9 is an exenplary cross-sectional view of the tunneling emtter
showmn in Fig. 8. Fig. 10 is an exenplary bl ock diagram of a conputer that

i ncor por aWe2a891brast one of the el ectronic devices, a diPSplusy2/msst or age
devi ce, which incorporate the tunneling, emtters of the invention. 10
Figs. 11A-11L are illustrations of exenﬁlary steps used in an exenplary
process to create the tunneling emtter of the invention. Figs 12A and 12B
are charts of exenplary annealing processes used to optionally inprove the

tunneling emtters .of th nvention, 15 TAI LED DESCRI PTI OF. T
PREFERRED AND iﬁ%éﬁ%ﬁ”fé‘e%ﬁ%ﬁ(fé&@w%%a PHOLERHCS mﬁgfa&?%\lflé"“é‘i tF%I%ct ed to
field em sflRsenilfiple himbidt crpitem fderdAilBg ahe Y&ofdifd infhidSibRdnfW I ent per
square centineter by using a tunneling |layer that has a 20 sufficient

t hi nness &wiiteae pgdis- about 500 Angstroms to create a high electric field
bet ween an elegﬁr%nss ur%gw%gd a flqt %ath?de surface. Conventional flat
emtter type jicces " Have” PO MR P H e AT ey square centineter of
surface area amgs. Oy agtemm@ycrd@@sétﬁmbmiéwwt@lmﬁmhgeﬁﬁﬂt&&ﬁ@wﬁ eFig,
invention uses a thin deposition of a netal cluster ielectric, preferably
bet ween 58- and 250 Angstromns, preferably about 100 Angstroms to 25 create a

barrier in whigh ectrons ean,tu | between the electron source and the
cat hode surf a?ég.' %Eﬁs UsTY 6npgal% Rfoﬁﬂ @gafgéarnll gf'jg CPRe- 8@%@?‘6‘?@8@%’*@% fea%té)r]?e be
greater t bathe ctrbiRIlevicd)a dPIRDr sﬂfre(tjgje RFRePRKicE HiédfRrae fld iBidhgWhi ch i's
one, two, or three orders of nmagnitude, respectively, greater than that of
convent i ofuitters af the giviepdon.t echnol ogy. The actual em ssion rate will depend
upon e desigr. choj the. t: nd thickness qf. 30 material used for
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al so abl ecieateGhefinfelpdngifteCoti thsirBatiéhat provi des for additional uses for
the emtter WO 02/089167 PCT/ US02/12257 4 incorporating the invention.
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15 DETAILED DESCRIPTION OF THE PREFERRED AND ALTERNATE
EMBODIMENTS

The present invention is directed to field emission emitters that provide high

levels of emission current per square centimeter by using a tunneling layer that has a

20  sufficient thinness of less than about 500 Angstroms to create a high electric field
between an electron source and a flat cathode surface. Conventional flat emitter type
devices have low emission current per square centimeter of surface area and thus are not
usable in several applications. The invention uses a thin deposition of a metal cluster
dielectric, preferably between 50 and 250 Angstroms, preferably about 100 Angstroms to

25  create a barrier in which electrons can tunnel between the electron source and the cathode
surface. By using such a material, the emission current can be greater than 10 mAmps,
100 mAmps, or 1 Amp per square centimeter which is one, two, or three orders of
magnitude, respectively, greater than that of conventional flat emitter technology. The
actual emission rate will depend upon the design choices of the type and thickness of

30  material used for the tunneling layer. In addition to electron emissions, the invention is

also able to create photon emissions that provides for additional uses for the emitter



In the illustrations of this description, various parts of the emtter

el enents have 5 not been drawn to scale. Certain dinensions have been
exagger atwo o2/0891et ati on to other dinensions in order to pcowisde125T| ear er
illustration and understandi ng of the present invention. For the purposes
of illustration, the enbodinents illustfated herein are shown in

t wo- di nensi onal views with various regions having depth and width. It

shoul d be wunderstood that these region are illustrations only of a portion
of a sin . of, a. Lce, ' V. i ncl Lural.ity. & such
cells ar ?Jéﬁ%%g%uﬁl%a{h‘?ﬁg’gﬁo I rr%%@l?%\grygﬁﬁsa r ua(]élfi %%&%gggt@g?%eﬁg?n %'ﬂf Eoge

regi ons Winbte nt B @€ fell¢veiRg desesiptibmef el in\enti @) 3fs et dd finakaislagie pt h

when fabricated on an actual device. Further, one aspect of the invention

i s that ivarews 2peliqasiops eB¥s€d usi ng conventional integrated circuit
thin-filmtechypo | .Seyv | £ . npl ool es _.exi t erform 15
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in thes arhot Yeef dexanmol seale U Uefsis dipeGidusbald Yect@kh@braed in RAOS IS dther Of
material can be by one of several processes such as evaporation,

sput t er i nGiMeAEORF ERPrdgnivdrovidp a slepiep Hluskeiecandamdpistanding oif thexpyesent
hot ochem_cal.. i Li.0R: L oW t i cal
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di f f er ent inatehdizRntieaiingdwwgivith vexdBiredi s haan g/ iptiedndhiidth. Ikhyuldtbehi ng, ion
beam etching, reactive ion etching, and plasm etching such as barrel

pl asna et eMickgoethdrapibastaiegion assilugiations only of apariongd gsingle ¢alleofgaisxics) e
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di agr am oAcevidiglyt tieke e avill Gavethedealimbhgion, fcaldigehdtR! wide, and Geyghect r on
and photon_em ssion, which includes an el ectron source 10. On the electron
source 10When fabrigated opag ap@pkdevizg. Preferably, the tunneling layer 20 is
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oxide (TaAlQ ,), alumnumoxynitride (A O, N};) or other 30 transitionary
met al 1 TMevesal gbthegrroesssy sipps andean be migrchanged by thopohawipg slall én tevrts iFeored as

Do 10 P T U3 BRI 9 ¥l B 01
processes such as evaporation, sputtering, chemical vapor deposition, molecular beam
epitaxy, photochemical vapor deposition, low temperature photochemical vapor
deposition, and plasma deposition, to name a few. Additionally, several different etch

20  technologies exist such as wet etching, dry etching, ion beam etching, reactive ion
etching, and plasma etching such as barrel plasma etching and planar plasma etching to
name some of the possible etching technologies. Choice of actual technologies used will
depend on material used and cost criteria among other factors.

Fig.1 is an exemplary diagram of an emitter device 50, preferably a flat emitter for

25  electron and photon emission, which includes an electron source 10. On the electron
source 10 is a tunneling layer 20. Preferably, the tunneling layer 20 is formed from a
metal cluster dielectric such as tungsten silicon nitrate (WSiN) or tantalum oxide (TaOy),
titanium oxide (TiOy, where x = 0.5 to 2.5). Also, tantalum aluminum oxynitride
(TaAlOxNy), tantalum aluminum oxide (TaAlOy), aluminum oxynitride (Al0,Ny) or other

30  transitionary metal (TM) oxides or oxynitrides ((TM)Ox or (TM)O,Ny) are envisioned as

being capable of use as tunneling layer 20. The tunneling layer preferably has a thickness



| ess than 500 Angstrons and preferably the thickness is within the range of
about 50 to about 250 Angstrons, such as 100 Angstrons or |ess. The chosen
t hi cknesswoak@sImwnes the electrical field strength that teg/usonmbi ng

| ayer must be able to withstand and the5 desired emtter em ssion current.
Di sposed on the tunneling layer 20 is a cathode layer 5 14, preferably a
thin-filmconductor such as platinum gold, nolybdenum iridium

rut henium tantalum chromum or other refractive netals or alloys
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3-10V) is aEcﬂpD’b"eGkngﬁtrdrhg sGet foni® Adsebms 4r E@Sﬂ ‘Eheahok@inthickuepldgtettlings a a
contact 12, electrans tunnel fromthe substrate 10 (an el ectron supply) to

10 the cat Woﬂ%ctm@y eldpsirengdh dhatdke waneling laysr mveishe ale torwithsiandeami ey | ayer 20,
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and the e ron em SsSi on Surt ace a 14 is

great e th&,rpréféfabbﬂi thom-film desdgns. sudh soplathived, @old, algsieann 1Bidaggur s al ong
with the electron enmssion 16 to formthe ener%' enm ssion 22 fromthe
emi tter SouthgBumHanialusechimiv o othst wipeieandals obpllosthaael thefrhbsses as

E = Ve wh i ck | ayer 20.
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an exerrplary dla%i@amof a use for the emtter 50 of Fig . In this
appl i cat i &¥iaceipd the cathode fpyend 4 & eatarghansconyentioag] c!f-‘gslgaﬁ é\ﬂS@eplaQs@re atic
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that is se preeerm tage can be a ange the
focusi ng &bohedt enfittdr30. | ens 28. Those skilled in the art wll appreciate
that | ens 28 can be made from nore than one conductor Iayer to create a

desi rfzgi focu5| %ggéﬁ?ﬁﬁeﬁq&ﬁ&ﬁ%ag&&% f&ﬂnésg%sja%%ocu ¥ed Qr}ﬂ ens 28

into a focused onto an ano ure e ﬁ}node S ructure 30
is set at an anode voltage Va
tihickness 1S the thickness of tunneling layer 20. For example, for a V=10V, the electric

field is equal to 107 volts/meter for a 100 Angstrom thickness in the tunneling layer.
Preferably, the tunneling layer 20 is sputter deposited. By using metal cluster
dielectrics as the tunneling layer, a very high electric field strength can be applied
20  between the electron source 10 and the cathode layer 14 to achieve higher emission,
because the metal cluster dielectrics withstand much higher electrical field strength
without electrical breakdown.
Fig. 2 is an exemplary diagram of a use for the emitter 50 of Fig. 1. In this
application, the electron emission 16 is focused by an electrostatic focusing device or lens
25 28, exemplified as an aperture in a conductor that is set at predetermined voltage that can
be adjusted to change the focusing effect of the lens 28. Those skilled in the art will
appreciate that lens 28 can be made from more than one conductor layer to create a
desired focusing effect. The electron emission 16 is focused by lens 28 into a focused
beam 32 onto an anode structure 30. The anode structure 30 is set at an anode voltage V,

30 26 which magnitude varies for an application depending on the intended use and the



30 26 which magnitude varies for an application depending on the intended
use and the WD 02/ 089167 PCT/ US02/ 12257 6 distance fromthe anode

st ruct ur ewB®2008016he em tter 50. For instance, wi th anode ®rCrmashurrs7 30
bei ng a recordabl e nmedium for a storage, device, Va m ght be chosen to be.
between 500 and 1000 Volts. The lens 28 focuses the el ectron enission 16
by formng an electric field 34 within its aperture. By being set at a
proper voltage from Ve, the electrons emtted 5 fromthe emtter 50 are

di rected h .o ep f.urt her tragted to the
anode str%@F@?gﬁégﬂ%ga?%%ﬁ??ﬁ%ﬁ$§@%§@§m§§%ﬁ$ngmﬁﬁg@“ﬁﬂW@BSW)%é%ﬁ#%ﬁy
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multiple integrated emtters 100 formed in an array of pixel groups. The
i nt egr at e@d YR ¥olis. 10® lens 28 foneses fheclgctionsmisdn 1§ by forming anjelgetricBeltce,
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operate the at |east one in;egrated.enitter 100. Fig. 5 is an exenplary
enbodi menintegratgd epiftcay i rait pheten emission ka e visHie Ugdsouiee, which iy Reesgdemi tt er
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conductive su , pre eavi ope ducti ve

nmaterial FueB8aspreerdly bodidd Witk 8 Rdbgiatete coralielind irft \ChelCasfindiRhesd I on
source. On the substrate 10 is disposed a tunneling |ayer 20 having a

t hi cknesso®ifle] tesgpturmticctions anited denm thonnaittersathpy fosmme a cadiode Apgs on dies
t hough 50 250 Angstrons is further preferable for sone applications.
Different Tayers of sem conductor thin-filmmaterials are applied to the

substrate 10 amth. 435aéehgtary eniboditdndof alinegfaédel ittt idél0deslk Fpased on
the tunneling layer 20 is a cathode |ayer 1 referably a thin-film
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used to operate the at least one integrated emitter 100.
Fig. 5 is an exemplary embodiment of an integrated circuit 52 that includes an

integrated emitter 100 and a lens array 48. The integrated circuit 52 is formed on a

20  conductive substrate 10, preferably heavily doped silicon or a conductive material such as
a thin film conductive layer to provide an electron source. On the substrate 10 is disposed
a tunneling layer 20 having a thickness of less than 500 Angstroms, preferably about 100
Angstroms though 50 to 250 Angstroms is further preferable for some applications.
Different layers of semiconductor thin-film materials are applied to the substrate 10 and

25  etched to form the integrated emitter 100. Disposed on the tunneling layer 20 is a cathode
layer 14, preferably a thin-film conductive layer of platinum, gold, molybdenum, iridium,
ruthenium, tantalum, chromium, or other refractive metals or alloys thereof, but preferably
substantially platinum. The cathode layer 14 forms a cathode surface from which energy
in the form of electrons and photons are emitted. The lens array 48 is applied using

30  conventional thin-film processing and includes a lens 28 defined within a conductive

layer and aligned with the integrated emitter 100 to focus the energy from the integrated



substantially platinum The cathode |ayer 14 forns a cathode surface from
which energy in the formof electrons and photons are emtted. The |ens
array 48 we oapgdibed usi ng 30 conventional thin-film proce®sirngoamtsi ncl udes
a lens 28 defined within a conductive Jayer and aligned with the
integrated emtter 100 to focus the energy fromthe integrated WO 02/ 089167
PCT/ US02/ 12257 7 emtter 100 onto a surface of an anode structure 76.
Anode structure 76 is located a target distance 74 fromthe integrated
circuit 52.. Fi i [ V. ! 0 L spl | j.cation
usi ng theéllnn e%g?%?%ﬂa% Sg?nfa?% %f?an%%é&eﬁq%ﬂ%@?ﬁ\%% ?%gnt?&f‘%e t% ﬁilsz%cea?%g%#a%%eﬁt, a
pl ural it ydietan€d74 frefsthd Qedratedtira@iifred S5 and fornmed in an integrated
circuit 52. Each of the emtters 100 enmts energy emssion 22 in the form
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nedi a 58 3 {dpasetReath tho dishRyi0tteglirteshotsd vieaig. 100 on |1 C 52. Preferably,
the nover 56 has a reader circuit 62 Integrated wthin. The reader 62 is

shown as an anpig 7iiean @prnatiyrvprelanfintegratedimmitterc itk withindu a slgragsdic¥icss and a

second ohyi.g. con ver . J j tor or
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Thus, by affecting ener
the media 58 with respect to the integrated emitters 100 on IC 52. Preferably, the mover

56 has a reader circuit 62 integrated within. The reader 62 is shown as an amplifier 68
making a first ohmic contact 64 to media 58 and a second ohmic contact 66 to mover 56,
20  preferably a semiconductor or conductor substrate. When a focused beam 32 strikes the
media 58, if the current density of the focused beam is high enough, the media is phase-
changed to create an effected media area 60. When a low current density focused beam
32 is applied to the media 58 surface, different rates 6f current flow are detected by
amplifier 68 to create reader output 70. Thus, by affecting the media with the energy from
25  the emitter 50, information is stored in the media using structural phase changed
properties of the media. One such phase-change material is InpSe;. Other phase change
materials are known to those skilled in the art.
Fig. 8 is a top view of an exemplary embodiment of the invention of an integrated
emitter 100 that includes an emitter area 84 within the cathode layer 14. The cathode
30 layer 14 is electrically coupled to and disposed on conductive layer 82 that is disposed

over insulator layer 78. Integrated emitter 100 is shown as preferably a circular shape,



25 the emtter 50, information is stored in the nmedia using structural
phase changed properties of the nedia. One such phase-change material is

| n2Se3. Qwber/oghase change naterials are known to those ®kirlusezi1a2a7 t he
art. Fig. 8 is a top view of an exenplagy enbodi nent of the invention of an
integrated emtter 100 that includes an emtter area 84 wthin the cathode
| ayer 14. The cathode 30 layer 14 is electrically coupled to and di sposed
on conductive |ayer 82 that is disposed over insulator |ayer 78.
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as there are ng discrete ed%es within the shape. Fig. 9 is a cross-section
of the exenpl af\g &ibadgrasisection of thesgemplaay @rnwctl@ﬁntmfontegtmﬁmlﬁeﬁag) 8
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5 a highly dop em con or provides an e ectron su

| ayer 20 tathaghly SOpéldssammddmtbhpmvﬁles ApelBitg supplyne dindelifd Ry&n0l thgub at or
| ayer 78. A cathode | ayer preferably a thin-filmconductive layer is

di sposed é%ﬁ@?setdweﬂmﬁ%ep@wgg d%fwd ithim argyinsylator layer 8. eraagxoﬁ@ lawnllcﬂ,.ct i ve
I 82
oot onal 1 5B Rt Bt F LRl 1ORNARE i nd MRpeifRINE 0N 220,

i nt er f ace pheialig evertthecaundivd laye S2aleebybaldang elebeichlncont-at afthligyer 78
depending on the particular materials chosen for insulator |ayer 78 and

conduct i vEondgHye ]823-" EPrjionally,iag adhesisndayr 8P yam péded taipsqyidaiosp bandivgput er 90
t hat | | ed th
i or o oo AaEiTacB beEh U AEEREH. 5er sTSRRING iRt IEuHRMINGEh bR, 5

di spl ay dewiticalabatefial chbeit fophisalathe Kiye€R @ideconduvedaykd 820 t he
m cr oprocessor _96. The m croprocessor 96 i s capable of executing
instructions Fifohf it srsaprary bpckidiasgam of 2 eommpyten?d that inghidgsa a bet ween t he

menory ang’{h&l}égrogégggﬁﬁﬁéeiﬂl l'g@\él &/ﬁﬁ SS(H)(EJ 16@%0 M%qn%}og{rg&gsoq%%l 5%6?%‘) Cpll% the
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that has deviess  tteragendecicp o4 ahd adisphe duemzeml The electrqiefienedlae @ubrausi ng
device_ for focusing the em ssions fromthe emtter. The emtter has 20 an
el ect Fon &QUHSIMYICIORTASESSAF 96 AR MHEAPIREsSHRy Y045 eapablecifsxaentingdnsimationshe
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formed ont n su
devices, such as the storage device 94 and the display device 92. Each electronic device

includes an integrated circuit that has an emitter incorporating the invention and
preferably a focusing device for focusing the emissions from the emitter. The emitter has

26 an electron supply layer with an insulating layer disposed thereon. The insulating layer
has an opening defined within which a tunneling layer is formed on the electron supply
layer. On the tunneling layer is a cathode layer. Preferably but optionally, the integrated
circuit with the emitter has been subjected to an annealing process thereby increasing the |
supply of electrons that can tunnel from the electron supply layer to the cathode layer.

25 ‘ The annealing process also reduces the contact resistance between metal layers thereby
enhancing conductivity of electrons to the emitter.

Figs 11A to 11L illustrate exemplary process steps used to create an emitter
incorporating the invention. In Fig 11A, a mask 102, of dielectrics or photoresist is |
applied to a substrate 10, preferably a silicon semiconductor substrate, although substrate

30 10 might be a conductive thin-film layer or a conductive substrate. Preferably substrate

10 has a sheet resistance of about 100 to 0.0001 ohms centimeter.



| ayer. On the tunneling layer is a cathode |ayer. Preferably but
optionally, the integrated circuit with the emtter has been subjected to
an anneal wog@2/8u06ess thereby increasing the supply of el @ctrrusnyi12bat can
tunnel fromthe electron supply layer to the cathode |ayer. 25 The
anneal i ng process al so reduces the contact resistance between netal |ayers
t hereby enhancing conductivity of electrons to the emtter. Figs 11A to
11L illustrate exenplary process steps used to create an emtter
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sem condusitatraieUuloss & aflieon adbistiateg D psiohsity, #ecindatdOlapirdistcah ®e doreddifct i ve
thin-film/layer, or a conductive sybstrate. Preferably substrate 10 has a
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Opt i orfal | yreateli @nisnbutitast exceptdy arcay 8ovedet lyembskr TRATHY are® tbftedbyidask 1024 ri de,
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conbi nat i %w{] p His reitingnya de%l@?ﬁf eRsTHRESVoEhin nselatos dayer 7 deteraigestbsr | ayer
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defined by ma us the res I'ng voi ds or openi ngs

Wi t hi n i nsul at &r FigayBt, afi®ptehd adhases hjre 80liogmlicd on drdubktene 10hnd he | atter

f or med iniegégtig/enitter 100 when mask 102 is renoved. In Fig. 11 C an
T

optional 44 ef 4§-drhegghesevedgynri8ids prsferplly damtdem arhen the ket appliad at or

| ayeryy/8. i i I I t ter

ool 15 BRGNS (AT BDNETRELELAY Pein HELMISR IR i

Pr ef er abl gppliciesimglvesvendoha yleposition tepipliqed. Thé adhesivn et Isqpreferadhpoiut i on

t echni quef. ‘grcﬁ) adhesi ve | ayer, jfa preferably about 100 to about 200

Angst r oms 1 ¥hiocdoBtit00-Apesams Abick Rrtgands any S eassipreriing en the aaterials
chosen. In f£Eg. 11D a conductive layer 82 is applied on the previously
applied layers on 15 substrate 10, such as adhesive | ayer 80 if used.
Preferably, thiEgntilsticweluctdyelayers8X wrpplitd arsthe greevnygripphictblayelepasi ti on
techni ques. The condﬁcti e | ayer ig. referahly gold that is about 500 to
about 121009 AR tPotHsh eppehesive davier 80 ifusp Brefraphlnrth erudugivs layeas fosmagpl i ed

on the. c OﬁﬁHg EohRntihHhe He}i%giti%ﬂ%c?lﬂiques. The conductive layer is preferably gold that is
about 500 to about 1000 Angstroms thick.
In Fig. 11E a patterning layer 104 is applied on the conductive layer 82 and an
opening is formed within it to define an etching region for creating the integrated emitter.
20  Preferably, the patterning layer 104 is a positive photoresist layer of about 1 um thickness.
In Fig. 11F preferably a wet etch process is used to create an opening in the
| conductive layer 82 within the opening of the patterning layer 104. Typically, the etching
will create an isotropic etch profile 106 as shown in which a portion of the conductive
layer is undercut under the patterning layer 104. Preferably the wet etch process used
25  does not react with the adhesive layer 80, if used, to prevent the etch material from
reaching the substrate 10. Optionally, a dry etch process can be used to etch the
conductive layer 82.
In Fig. 11G preferably a dry etch process that is reactive to the adhesive layer 80 is
used to create an anisotropic profile 108.
30 In Fig. 11H a tunneling layer 20 of preferably a high dielectric strength material
such as metal cluster dielectrics, TiOx, TaOyx, WSIN, TaAlOxNy, TaAlO, or AIONy , but



opening is formed within it to define an etching region for creating the
integrated emtter. 20 Preferably, the patterning |layer 104 is a positive
phot or esiw0 oaguEs7 of about 1 umthickness. In Fig. 11F prefrasabiapsa wet
etch process is used to create an openi Al in the conductive |ayer 82 within
t he opening of the patterning | ayer i Typically, the etching wll
create an isotropic etch profile 106 as shown in which a portion of the
conductive |ayer is undercut under the patterning | ayer 104. Preferably

the wet e%r%?er&gl? ri?(%@ i) %ﬁﬂlea %nggé e LEAG é)é%%egéedtsp stl%gehlgf?n t§g lgg %}tlll’l%o H
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82. In Fig. 11 G preferably a dry etch process t is reactive to the
adhesi ve fleppsitedly wtteuaeéhetn@et@lra@éﬂ@rwceﬁu%g&wdéorpsmmgenéo fo®.thgo In Fig.
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ALOXNy5 , atianit 2V0OAQZAOSHY, BucH s BbUIROID0 1LBHoms0 preferably TiOt, is applied

over the surface of thﬁggrocessed substrate 10 on the patternlng | ayer 104
and openi ngs i F Figslilaléft-offayeqessrig usechio YF@QM@PW?QHIII&WPT W3 4nd thatef er abl y
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pr ef er abl ¢nhieta@edlabolt ubdl th edotiadlp H&h%ﬁﬁo&aﬂlﬁ&ﬂia@éﬁals within tﬁépaﬁﬁﬁﬂh 100
Angstrons I'n F'%ﬂmlll a lift-off process is used to renove patternlng

| ayer 104 aaml% 96 18940 p@ﬁ’er@lelﬁﬁéygqngn pajaner plosma gich procgsss gdsed on t he
patt efd'll n oc %& sv.?h%éateproqg §fa@?{nya! cﬂ Wer %@ r%lh a&@dlaﬁd Hf?m%dtb

reactivel organi eri a ernlng ayer 104. The
gas used mﬁemgi Suadd i cpeygLplasiia ﬁelﬂl arme blaghagieid aie@@z@;rtﬁl@ esgenihe 10
processed substrate 10 is place in a chanber and the oxygen is introduced
and exci t bightspergystase ayhich, dotwe exidiges the paterning layerd 04 cehponerisdo gpsgsna fi el d
energlzes X t he
pat t er ni ng P%? g‘%% ifr:%nrrg}cl)enéeya%}HS W%g%cggfnﬂ%ﬁnal? V\ﬁéC%nsreedrr%}\l/ééﬂlg@?%nrﬁ f%{gdec hanber

by a vacudifffepshap in Belomesatiasf sdnedfithp canpotichis oftiitk paiiefdigs RN 04 uriag uNe
rati os, some of the conpaonents of the patterni n%hl ayer 104 during 15

| ft-brf hHiddf reqptewiti eonstiverisin @euﬂwnttﬁ@wllﬁg yeudhdispesgd patherpattorniigs posed on
the patt efa?éﬂ‘ﬂm. For example, carbon monoxide released from the patterning layer 104 reacts

with the oxygen in a TiOx layer of tunneling layer 20 to form CO, gas which is then
removed leaving a small amount of Ti on the surface of the conductive layer 82. Thus
the tunneling layer 20 disposed on the patterning layer 104 is essentially removed in the
20  lift-off process. After the lift-off process is complete, essentially only that portion of
tunneling layer 20 that is disposed within the openings of insulator layer 78 remains.
Optionally, a wet lift-off process can be used in lieu of the plasma lift-off process.
After the tunneling layer 20 is applied to the surface of the processed substrate 10, the
substrate 10 is immersed in a solvent that will swell and remove the patterning layer 104
25  thus keeping the tunneling layer 20 disposed within the opening of insulator layer 78.
Fig. 11J shows the application of a cathode layer 14 over the surface of the
processed substrate 10. The cathode layer 14 is preferably a thin-film metallic layer such
as platinum and preferably has a thickness of about 50 to about 250 Angstroms. Other
metals can be used for cathode layer 14 such as gold, molybdenum, iridium, ruthenium,

30 tantalum, chromium, or other refractive metals or alloys thereof. The cathode layer 14



| ayer 104. For exanple, carbon nonoxi de rel eased fromthe patterning | ayer
104 reacts wth the oxygen in a TiOX | ayer of tunneling layer 20 to form
CO2 gas wNDahk/oswet hen renoved |eaving a snmall anmount of PCTArsoyessurface
of the conductive layer 82. Thus the tynneling |ayer 20 disposed on the
patterning layer 104 is essentially renoved in the 20 lift-off process.
After the lift-off process is conplete, essentially only that portion of
tunneling layer 20 that is disposed within the openings of insulator |ayer
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surface ofliithe processed substrate 10, the substrate 10 is imrersed in a
solvent that wi|l swell and renove t_he@fpatterni ng |layer 104 25 thus
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a thinsfi lisgplaemaltiple emityeds os thehsubatai(at i num and preferably has a thickness
of about 50 to _about 250 Angstroms. G her netals can be used for cathode

| ayer 14 such &&e-ddldlluststspibreeairqdeilayeri4plteritbascheen aichgbanddthe eathode
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di sposed QRtNR;EIHat Ltive SHELACHUBS oﬁ@&ventional integrated circuits. The integrated
circuit with the emitter can be used in display devices or storage devices as previously
deécribed. Preferably, after fabrication, the emitter is subjected to an annealing process to
increase the amount of emission from the emitter.

20 Fig. 12A and 12B are charts of exemplary annealing processes which are used to
increase the emission current capability of an emitter embodying the invention. The
annealing process also increases the device yields and quality by allowing the emitters to
last longer. The annealing process, among other benefits, helps to decrease the resistance
of contacts of dissimilar metals thereby increasing the current flow to the emitters.

25 In Fig. 12A, a first thermal profile 120 shows the processed substrate that
includes an emitter incorporating the invention first elevated to a temperature of about
400 C within 10 minutes then held at this temperature for 30 minutes. Then the processed
substrate is slowly cooled back to room temperature (about 25 C) over a period of about
55 minutes. ‘

30 In Fig. 12B, a second thermal profile 122 shows the processed substrate including

an emitter incorporating the invention heated to a temperature of about 600 C within 10



the sidewalls of the first and second sections of the emtter chanber 114.
By using 15 integrated circuit thin filmtechnology to fabricate the
emtter, wWDOocaswilbe integrated along wth traditional actipeg/usore2sts found
on conventional integrated circuits. The integrated circuit wth the
emtter can be used in display devices Or storage devices as previously
descri bed. Preferably, after fabrication, the emtter is subjected to an
anneal ing process to increase the anount of em ssion fromthe emtter. 20
Fig. 12A I LN esses i re used
to incr eg[ggutt %dgﬁrﬁq %g{%ﬁ%ﬁ%ﬁﬁ?@?gﬁa %3??15/'1%0 g'a%h%{mﬂfﬁéggeé%gégﬁaet he

i nvent i onis grhduallgeoekl ite goopt RgRFat@t H0er AR RASEabbUIE 0d @vihGtes. YTilsds and
quality by allowing the emtters to |last |onger. The annealing process,

anong ot h&killpdReihe g wilappreciale thaldhe slswatediemnstitue and Ehe tote of 6peling agnof
dissimla [ I [ t .4l 0 th itters. 25
In Fig. 1%2%?%‘%%%% e%é{r%{b?%§%?‘%@%%@%@ﬁ%%ﬁtsﬁg r%érlg(t)%hgssg g§ agglﬁ% Pr&te that
i ncl udgs dr ievrtioar Byrmaeglingahd substrite thab e Rideo sk 16ast he ehiwaiRErjotating
tenperature of about 400 Cwithin 10 m nutes then held at this tenperature
for 30 mi HMifiB¥entpReievelRbchnraiaistisyof the piticspre impravedwl y cool ed back to room
tenperature (a isz%laiﬁed%-er a period of about 55 mnutes. 30 In Fig.

12B, a second thernal profile 122 shows the processed substrate including
an emtter incorporating the invention heated to a tenperature of about 600
Cwthin 10 WO 02/089167 PCT/ US02/ 12257 12 m nutes and hel d at that
tenperature for about 30 m nutes. Then, the processed substrate is

gradual ly cooled to roomtenperature over a period of about 100 m nutes.
Those skilled in the art will appreciate that the el evated tenperature and
the rate of cooling can be nodified fromthe exenplary processes descri bed
and still neet the spirit and scope of 5 the invention. By annealing the
substrate that includes at |east one emtter incorporating the invention,
several characteristics of the emtter are inproved. Wiat is clained is: WO
02/ 089167 PCT/ US02/ 12257 13 CLAI M5



1. An emtter (50,100), conprising: an electron supplym (10); a cathode

| ayer (14); and 5 a tunneling |ayer (20) disposed between the el ectron
suppl y amaotodesuaat hode | ayer wherein the el ectron supplypcratshvgrst ayer,
and tunneling | ayer have been subj ect ed13to an annealing process (120, 122).
2. The emtter (50,100) of claim1l wheréin the tunneling layer (20) is a
nmetal cluster 10 dielectric. 3. The emtter (50,100) of claiml wherein
the tunneling layer (20) is a netal cluster dielectric selected fromthe
group consisting of TiOQ TaO ,, WS Nyl é)XNy, TaA1OX and Al OXNy. 15 4.
The emtter (50,100) of claiml opergblfe 0 provide an em ssion current of
great er t Hamn dmited (5210 pDnpeisigguar e centineter. 5. The emitter (50, 100)
of claim1l wherein the tunneling |layer (20) has a thickness within 20 the
range of about 3BGlacHoRBMRRAYPL0)Angst roms. 6. An integrated circuit (52),

conprising: a ).qthe emtter (50,100) of claim1l di sposed on
t he substrate; aa%%@l%gé?aé’?rr@&’tapg (72) for operating the emtter forned on

t he substrate witidheling l@wi {208 disposed bbtweeh eied ¢lediton sUppliyaad tieaiodslayg: t he
emtter (50Q,100) of claim1 capable of emtting energy g22); and an anode
st ruct ur e Wheesinthemdsction sapply. esthade dayey iapd tuopelingfayerdive heggibisaigd pan
generatin : b ffect in response to receiving the emtted
ener gy an%ngéaé1g§§ﬁ&5e§se¢l?g%?2)?n response to not receiving the emtted
energy. WO 02/089167 PCT/ US02/12257 14 8. The electronic device of claim?7
wherein the el ectronic device.is a mass storage device (Fig. 7) and the
anode st r detiesmiter{ 584 80hefeclatngl wheremghe tunpaling lager (30 is adm%ﬁtlcgéleqy rt her
conprigi NQ;dediSadi ng circuit (62) for detecting the effect generated on the
anode structure.

3. The emitter (50,100) of claim 1 wherein the tunneling layer (20) is a metal cluster
dielectric selected from the group consisting of TiOy, TaOy, WSIN, TaAlOxNy, TaAlO
and AIOxNy.

1'5
4. The emitter (50,100) of claim 1 operable to provide an emission current of greater than

1x 102 Amps per square centimeter.

5. The emitter (50,100) of claim 1 wherein the tunneling layer (20) has a thickness within
20  the range of about 50 to about 250 Angstroms.

6. An integrated circuit (52), comprising:
a substrate (10);
the emitter (50,100) of claim 1 disposed on the substrate; and

25 circuitry (72) for operating the emitter formed on the substrate with the emitter.

7. An electronic device, comprising:
the emitter (50,100) of claim 1 capable of emitting energy (22); and
an anode structure (76,40,58) capable of receiving the emitted energy and
30  generating at least a first effect in response to receiving the emitted enérgy and a second

effect in response to not receiving the emitted energy.



5 9. The electronic device of claim7 wherein the electronic device is a
di splay device (Fig. 6) and the anode structure is a display screen (40)
t hat creawev2a8upsi bl e effect in response to receiving tRETAISNYIRE7 ener gy.
10 10. The electronic device of claim9,wherein the display screen (40)

i ncl udes one or nore phosphors (42) operable for emtting photons (18) in
response to receiving the emtted energy (22). 21. An emtter (50,100),
conprising: 15 an electron supply layer (10); an insulator |ayer (78)
formed on the el ectron supply |ayer and having an opening defined wthin;
a tunneling |ayer (20) fornmed on the electron supply layer in the opening;
and a caBh ﬂ" tle eleatyeuic (dvipe bOclning 7 ovheteethe eheotbihio deviay & s mas sidrageadevidehe
emtter h en suq%ﬁfted to gn anneal i ng process £120 122) to _increase

the suppl 161‘ é‘In@él%er © pirpStuke I A SfoEe fRediHm 8 elhe ¢ ePBﬁmﬁdﬁﬁP?/fqr%@?’ér to the
cat hode | | ai m
17 capabl 5P Rk o FRSLBCIE TS Ay fédcting e orfoPekkEhn b nodNnlierd 1 )

em ssidn. 13. The emtter (50,100) of claim 1l wherein the tunneling |ayer

(20) is a cl ust Iectrl 30 14, The emtter of claim1ll wherein
the cat hoagﬁlﬁﬁ@w‘(%ﬂgeﬂﬁ%o ‘Flalé‘h? FisHn s clecprigdarice ixmdisplandevies. @ie Anps
per squar gy SR BB &l st ){{Qr 57 % er of
claim1l V\)nerg?ﬂn e Strlljlnne I ng 6%#@?12&;0?%2%5]\;@}3%%?%;& |rg Oﬁ% ric
sel ect ed fameeiving t]germupted(ensngyll ng of TiOt, TaOt, WS N, TaAl O, Ny, TaAl OX
and AIQ,,Ny. 5 16. The emtter of claim1ll wherein the tunneling |ayer
(20) has a thickness between about 50 Angstrons and about 250 Angstrons.
17. At IOAThOUCGIAAL 10Gedt ittt § RhorkRnd B3bad Rordlh B0F Gciiids SHOB! tokel0)
conprising the steps

phosphors (42) operable for emitting photons (18) in response to receiving the emitted

energy (22).

21. An emitter (50,100), comprising:
15 an electron supply layer (10);
an insulator layer (78) formed on the electron supply layer and having an opening
defined within;
a tunneling layer (20) formed on the electron supply layer in the opening; and
a cathode layer (14) formed on the tunneling layer;
20 wherein the emitter has been subjected to an annealing process (120,122) to
increase the supply of electrons (10) tunneled from the electron supply layer to the

cathode layer for energy emission (22).

12. The emitter (50,100) of claim 11 capable of emitting photons (18) in addition to the

25  electron (16) emission.

13. The emitter (50,100) of claim 11 wherein the tunneling layer (20) is a metal cluster

dielectric.

30 14. The emitter of claim 11 wherein the cathode layer (14) has an emission rate greater

than about 0.01 Amps per square centimeter:



10 applying a conductive |layer (80,82) to adhere to an insulator |ayer (78)
di sposed on the electron supply (10), the insulator |ayer defining an
openi ng twotohms\bectron supply; applying a patterning | aper/ystda2son the
conductive | ayer; creating an opening g}08) in the patterning and
conductive layer to the electron supply; 15 applying a tunneling |ayer
(20) over the patterning | ayer and the opening; and etching the patterning
| ayer (Fig. 111) to renove it fromunder the tunneling | ayer thereby
renoving the tunneling | ayer not disposed in the opening by lift-off from
the conductive layer. 20 18. The nethod of claim 17 further conprising the

step of anfeThé agditled d0c1did?] 1 WhereipihetamsEak R (LY istanéthlcd A& Rlid1B&ric
tunneling current. 19. The nethod of claim 1/ wherein the applied tunneling
| ayer ( 20yeléries ORI ENER SORELE of Hih. ABOwWEDD JAMIOUNoRBAIBENIAIOR N,

met hod of claim 17 further conprising the step of applying a cathode | ayer
(14) on the tunneling layer (20).

5  16. The emitter of claim 11 wherein the tunneling layer (20) has a thickness between
about 50 Angstroms and about 250 Angstroms.

17. A method for creating an emitter (50,100) on an electron supply (10), comprising the
steps of:
10 applying a conductive layer (80,82) to adhere to an insulator layer (78) disposed
on the electron supply (10), the insulator layer defining an opening to the electron supply;
applying a patterning layer (104) on the conductive layer;
creating an opening (108) in the patterning and conductive layer to the electron
supply;
15 applying a tunneling layer (20) over the patterning layer and the opening; and
etching the patterning layer (Fig. 11I) to remove it from under the tunneling layer
thereby removing the tunneling layer not disposed in the opening by lift-off from the

conductive layer.

20  18. The method of claim 17 further comprising the step of annealing (120,122) the

processed emitter to increase the tunneling current.

19. The method of claim 17 wherein the applied tunneling layer (20) has a thickness less
than about 500 Angstroms.

25
20. The method of claim 17 further comprising the step of applying a cathode layer (14)
on the tunneling layer (20).



